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1
PIXEL STRUCTURE

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the priority benefit of Taiwan
application serial no. 102136238, filed on Oct. 7, 2013. The
entirety of the above-mentioned patent application is hereby
incorporated by reference herein and made a part of this
specification.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a pixel structure. More particularly,
the invention relates to a pixel structure with total internal
reflection.

2. Description of Related Art

In recent years, with the development in optoelectronic
technology and semiconductor manufacturing technology,
flat panel displays have flourished as a result. Liquid crystal
displays, characterized by advantages such as low operating
voltage, free of harmful radiation, light weight, and compact
size, have replaced conventional cathode ray tube displays
and have become mainstream display products. However, the
issue of limited viewing angle still remains for the liquid
crystal display. Therefore, the development of a liquid crystal
display with better display and wider viewing angle is one of
the desired goals of developers.

SUMMARY OF THE INVENTION

The invention provides a pixel structure. The pixel struc-
ture has better reflectance and reflection angle distribution.

The invention provides a pixel structure. The pixel struc-
ture includes a scan line, a data line, an active device, a
covering layer, and a reflective pixel electrode. The active
device is electrically connected with the scan line and the data
line. The covering layer covers the scan line, the data line, and
the active device. The reflective pixel electrode is disposed on
the covering layer, and electrically connected with the active
device. The reflective pixel electrode includes a first region
having a plurality of first protruding structures and a second
region having a planar surface. The area occupied by the first
region is 50% to 70% of the total area of the reflective pixel
electrode, and the area occupied by the second region is 30%
to 50% of the total area of the reflective pixel electrode.

The invention further provides a pixel structure. The pixel
structure includes a scan line, a data line, an active device, a
covering layer, and a reflective pixel electrode. The active
device is electrically connected with the scan line and the data
line. The covering layer covers the scan line, the data line, and
the active device. The reflective pixel electrode is disposed on
the covering layer, and electrically connected with the active
device. The reflective pixel electrode includes a first region
and a second region. The first region includes a plurality of
first protruding structures and the second region includes a
plurality of second protruding structures. Moreover, the
height of each of the first protruding structures in the first
region is greater than the height of each of the second pro-
truding structures in the second region. In particular, the area
occupied by the first region is 50% to 70% of the total area of
the reflective pixel electrode and the area occupied by the
second region is 30% to 50% of the total area of the reflective
pixel electrode.

Based on the above, in the pixel structure provided by the
invention, a reflective pixel electrode includes a first region
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having a protruding structure and a second region having a
planar surface. Alternately, the reflective pixel electrode
includes a first region and a second region respectively having
aplurality of protruding structures. In particular, the height of
each of the protruding structures in the first region is greater
than the height of each of the protruding structures in the
second region, the area occupied by the first region is 50% to
70% of the total area of the reflective pixel electrode, and the
area occupied by the second region is 30% to 50% of the total
area of the reflective pixel electrode. As a result, the pixel
structure of the invention can increase light reflectance and
increase reflection angle distribution of light.

To make the above features and advantages ofthe invention
more comprehensible, several embodiments accompanied
with drawings are described in detail as follows.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide a
further understanding of the invention, and are incorporated
in and constitute a part of this specification. The drawings
illustrate embodiments of the invention and, together with the
description, serve to explain the principles of the invention.

FIG. 1 is a schematic cross-sectional diagram of a display
panel according to an embodiment of the invention.

FIG. 2 is a schematic top view of a pixel structure accord-
ing to an embodiment of the invention.

FIG. 3 is a schematic cross-sectional diagram along the
lines I-I' and II-II' of FIG. 2.

FIG. 4 is a partially enlarged schematic diagram of F1G. 3.

FIG. 5A to FIG. 5H are respectively a schematic top view
of'a reflective pixel electrode in a pixel structure according to
an embodiment of the invention.

FIG. 61is a schematic top view of a reflective pixel electrode
in a pixel structure according to an embodiment of the inven-
tion.

FIG. 7 is a schematic cross-sectional diagram of a pixel
structure according to another embodiment of the invention.

FIG. 8 is a schematic top view of a pixel structure accord-
ing to yet another embodiment of the invention.

FIG. 9 is a schematic cross-sectional diagram along the
lines I-I' and II-IP of FIG. 8.

FIG. 10 is a curve diagram of the relationship between
reflectance and angle of five different pixel structures accord-
ing to an embodiment of the invention.

FIG. 11 is a curve diagram of the relationship between
reflectance and angle of five different pixel structures accord-
ing to yet another embodiment of the invention.

DESCRIPTION OF THE EMBODIMENTS

FIG. 1 is a schematic cross-sectional diagram of a display
panel according to an embodiment of the invention.

Referring to FIG. 1, the display panel of the present
embodiment includes a first substrate 100, a second substrate
110, and a display medium 120 disposed between the first
substrate 100 and the second substrate 110.

The first substrate 100 is disposed opposite to the second
substrate 110. The material of each of the first substrate 100
and the second substrate 110 can be glass, quartz, an organic
polymer, or other suitable materials. The display medium 120
is, for instance, a liquid crystal material. In other words, the
display panel of the present embodiment is, for instance, a
liquid crystal display panel. However, the invention is not
limited thereto. In other embodiments, the display medium
120 can also be other display materials such as an organic
light-emitting diode material, an inorganic light-emitting
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diode material, an electrophoretic display material, a fluores-
cent material, a phosphorescent material, or a plasma mate-
rial.

A pixel array layer 102 is disposed on the first substrate
100. The pixel array layer 102 is formed by a plurality of pixel
structures, and the design of each of the pixel structures is
described in detail later with reference to FIG. 2 to FIG. 9. A
color filter array layer 112 is disposed on the second substrate
110. The color filter array layer 112 includes a red filter
pattern, a green filter pattern, or a blue filter pattern.

Moreover, the display panel of the invention can be any
display panel known to those having ordinary skill in the art,
and can therefore further include other desired components
such as an electrode layer or a shielding pattern.

In the following, the pixel array layer 102 on the first
substrate 100 is described in detail. Based on the above, the
pixel array layer 102 is formed by a plurality of pixel struc-
tures. In an embodiment, the design of each of the pixel
structures is as shown in FIG. 2. FIG. 2 is a schematic top view
of'a pixel structure according to an embodiment of the inven-
tion. FIG. 3 is a schematic cross-sectional diagram along the
lines I-I' and II-II' of FIG. 2.

Referring to both FIG. 2 and FIG. 3, a pixel structure 200 of
the present embodiment includes a scan line SL, a data line
DL, an active device T, a covering layer 202, and a reflective
pixel electrode P.

In the present embodiment, the extending direction of the
scan line SL is different from the extending direction of the
data line DL. Preferably, the extending direction of the scan
line SL is perpendicular to the extending direction of the data
line DL. Moreover, the scan line SL and the data line DL are
located in different film layers, and an insulating layer (not
shown) is sandwiched between the two. The scan line SI and
the data line DL are mainly used to transmit a driving signal
that drives the pixel structure 200. Each of the scan line SL,
and the data line DL generally includes a metal material.
However, the invention is not limited thereto. According to
other embodiments, the scan line SL and the data line DL can
also use other conductive materials such as an alloy, metal
oxide, metal nitride, metal oxynitride, or a stacked layer of a
metal material and other conductive materials.

The active device T of the present embodiment is electri-
cally connected with the scan line S and the data line DL.
Here, the active device T is, for instance, a thin-film transistor
including a gate electrode G, a channel layer CH, a drain
electrode D, and a source electrode S. The gate electrode G is
electrically connected with the scan line SL. and the source
electrode S is electrically connected with the data line DL. In
other words, when a control signal is input into the scan line
SL, electrical conduction occurs between the scan line SL and
the gate electrode G, and when a control signal is input into
the data line DL, electrical conduction occurs between the
dataline DL and the source electrode S. The channel layer CH
is located above the gate electrode G and below the drain
electrode D and the source electrode S. The material of the
gate electrode G is, for instance, a metal. The material of the
channel layer CH can be a semiconductor material such as an
amorphous silicon semiconductor material, a metal oxide
semiconductor material, or an organic semiconductor mate-
rial. The material of each of the source electrode S and the
drain electrode D can be selected from a conductive material
such as a metal, a transparent conductive material, or a metal
alloy. The active device T of the present embodiment is exem-
plified as a bottom-gate thin-film transistor, but the invention
is not limited thereto. In other embodiments, the active device
T can also be a top-gate thin-film transistor.
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Moreover, an insulating layer 1L further covers the gate
electrode G of the active device T. The insulating layer IL is
also referred to as a gate insulating layer. The material of the
insulating layer IL is, for instance, an inorganic material, an
organic material, or a combination thereof. In particular, the
inorganic material is, for instance, silicon oxide, silicon
nitride, silicon oxynitride, or a stacked layer of at least two of
the materials above.

The covering layer 202 of the present embodiment covers
the scan line SL, the data line DL, and the active device T. The
material of the covering layer 202 is, for instance, an inor-
ganic material, an organic material, or a combination thereof.
In particular, the inorganic material is, for instance, silicon
oxide, silicon nitride, silicon oxynitride, or a stacked layer of
at least two of the materials above. Moreover, as shown in
FIG. 2, the top portion of the covering layer 202 includes a
plurality of bumps 203. In other words, the covering layer 202
has an uneven surface. Here, the forming method of the cov-
ering layer 202 includes, for instance, using a lithography and
etching process, a photolithography technique, or other suit-
able process methods. In particular, the lithography and etch-
ing process is, for instance, a half-tone mask (HTM) process
or a gray mask (GM) process.

The reflective pixel electrode P of the present embodiment
is disposed on the covering layer 202 and electrically con-
nected with the active device T. Specifically, the reflective
pixel electrode P is electrically connected with the drain
electrode D of the active device T through a contact window
C. The material of the reflective pixel electrode P is, for
instance, a metal such as aluminum or titanium (Ti), and is
preferably formed by a highly reflective conductive material.

Moreover, in the present embodiment, since a plurality of
bumps 203 are formed on the top portion of the covering layer
202, when the reflective pixel electrode P is conformally
disposed on the covering layer 202, the reflective pixel elec-
trode P also has an uneven surface. Specifically, the reflective
pixel electrode P includes a first region A and a second region
B. The first region A includes a plurality of protruding struc-
tures 204, whereas the second region B has a planar surface
SB, and the first region A surrounds the second region B. In
the present embodiment, the area occupied by the first region
A is 50% to 70% of the total area of the reflective pixel
electrode P and the area occupied by the second region B is
30% to 50% of the total area of the reflective pixel electrode
P.

Moreover, in the present embodiment, taking the lowest
horizontal position of the top surface of the covering layer
202 as abase, a height H1 of each of the protruding structures
204 is substantially greater than a height H2 of the planar
surface SB, and the height H1 of each of the protruding
structures 204 is, for instance, between 1 pm and 2 pum. It
should be mentioned that, in the case that the vertical projec-
tion area of each of the protruding structures 204 on the
covering layer 202 is the same, a larger height H1 of the
protruding structures 204 indicates a larger surface curvature
of the protruding structures 204. Specifically, referring to
FIG. 4, the relationship between the height H1 of the protrud-
ing structures 204 and surface curvature can satisfy the fol-
lowing formula 1 and formula 2:

R=(HP+*)/2H formula 1

C=1/R formula 2

wherein, R is the radius of curvature of the surface of the
protruding structures, H is the height of the protruding struc-
tures (i.e., height H1 in FIG. 4), r is half of the connecting line
which connecting the two intersection points between the line
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extending from the surface of the protruding structures with
the same curvature as the surface of the protruding structures
and the surface of the covering layer (i.e., length r in FIG. 4),
and C is the curvature. Specifically, in the case that r is set to
2.5 um, when H is 1.86 um, the radius of curvature R is
calculated to be 2.6 pm through formula 1 and the curvature C
is calculated to be 0.38 pum through formula 2. When H is 1.41
um, the radius of curvature R is calculated to be 2.9 um
through formula 1 and the curvature C is calculated to be 0.34
um through formula 2.

Moreover, although the shape of the second region B of the
reflective pixel electrode P of the present embodiment is a
circle (as shown in FIG. 2), the invention is not limited
thereto. In other embodiments, based on the requirement of
the viewing angle ofthe display panel, the shape of the second
region B of the reflective pixel electrode P can also be an
ellipse as shown in FIG. 5A and FI1G. 5B, a rectangle as shown
in FIG. 5C and FIG. 5D, a triangle as shown in FIG. 5E, a
rhombus as shown in FIG. 5F, a trapezoid as shown in FIG.
5@, or a cross as shown in FIG. SH. In this way, the reflective
pixel electrode P can render higher light reflectance under a
specific viewing angle, and as a result the display panel can
render an image with higher resolution and contrast. Specifi-
cally, referring to both FIG. 5A and FIG. 5C, when the azi-
muth viewing angle ¢ of'a viewer is 0 degrees and 180 degrees
(i.e., horizontal viewing direction), the reflective pixel elec-
trode P shown in FIG. 5A or FIG. 5C can render higher light
reflectance. On the other hand, if the viewing direction of the
viewer is not horizontal, then the reflective pixel electrode P
shown in FIG. 5A or FIG. 5C renders worse light reflectance.
Similarly, when the azimuth viewing angle ¢ of the viewer is
90 degrees and 270 degrees (i.e., perpendicular viewing
direction), the reflective pixel electrode P shown in FIG. 5B or
FIG. 5D can render higher light reflectance. When the azi-
muth viewing angle ¢ of the viewer is 45 degrees and 135
degrees (i.e., up, left and right 45 degree azimuth viewing
direction), the reflective pixel electrode P shown in FIG. SE or
FIG. 5G can render higher light reflectance. When the azi-
muth viewing angle ¢ of the viewer is 45 degrees, 135
degrees, 225 degrees, and 315 degrees (i.e., up, down, leftand
right 45 degree azimuth viewing direction), the reflective
pixel electrode P shown in FIG. 5F or FIG. SH can render
higher light reflectance.

Moreover, although the second region B in each of FIG. 2
and FIGS. 5A to 5H is shown to be located in the central
region of the reflective pixel electrode P, the invention is not
limited thereto. In other embodiments, the second region can
also be located in any corner region of the reflective pixel
electrode. For instance, referring to FIG. 6, in the present
embodiment, a second region B1 of a reflective pixel elec-
trode P1 is located in the lower right corner region of the
reflective pixel electrode P1, and a second region B2 of a
reflective pixel electrode P2 is located in the lower left corner
region of the reflective pixel electrode P2. Specifically, the
second region B1 of the reflective pixel electrode P1 and the
second region B2 of the reflective pixel electrode P2 can form
a specific shape together. In FIG. 6, the specific shape is a
circle, but the invention is not limited thereto. In other
embodiments, the specific shape can also be an ellipse, a
rectangle, a triangle, a thombus, a trapezoid, or a cross.

Moreover, in the present embodiment, the pixel structure
200 can further include a fixed layer 206. Specifically, the
fixed layer 206 is disposed on the reflective pixel electrode P
and surrounds the periphery of the reflective pixel electrode P
to prevent the reflective pixel electrode P from peeling off
from the covering layer 202. The material of the fixed layer
206 is, for instance, a metal oxide such as indium tin oxide,
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indium zinc oxide, aluminum tin oxide, aluminum zinc oxide,
indium germanium zinc oxide, other suitable oxides, or a
stacked layer of at least two of the oxides above.

An entirely planar surface of the reflective pixel electrode
results in better light reflectance but is not ideal for the reflec-
tion angle distribution. On the other hand, when protruding
structures are disposed on the entire reflective pixel electrode,
the light reflectance is worse but the reflection angle distribu-
tion is good. Accordingly, in the pixel structure 200 of the
embodiments, the first region A of the reflective pixel elec-
trode P includes the protruding structures 204, the second
region B has the planar surface SB, the area occupied by the
first region A is 50% to 70% of the total area of the reflective
pixel electrode P, and the area occupied by the second region
B is 30% to 50% of the total area of the reflective pixel
electrode P. Therefore, when light enters the reflective pixel
electrode P, the pixel structure 200 can have better reflection
efficiency and reflection angle distribution. In this way, the
display panel of the invention can have better display quality
and wider viewing angle.

FIG. 7 is a schematic cross-sectional diagram of a pixel
structure according to another embodiment of the invention.
The schematic top view of the pixel structure 300 of FIG. 7 is
shown in FIG. 2. In particular, cross-sectional locations of
FIG. 7 are shown at the locations of the lines I-I' and II-IF in
FIG. 2. Moreover, the embodiment of FIG. 7 is similar to the
embodiment of each of FIG. 2 and FIG. 3, and therefore the
same components are represented by the same reference
numerals and are not repeated herein.

Referring to both FIG. 7 and FIG. 3, differences between
the pixel structure 300 of the present embodiment and the
pixel structure 200 of FIG. 3 lie in that: the top portion of the
covering layer 202 further includes a bump 303 in the second
region B and the second region B of the reflective pixel
electrode P also includes a protruding structure 304. Specifi-
cally, the top surface of the bump 303 is planar. As a result,
when the reflective pixel electrode P is conformally disposed
on the covering layer 202, the top surface of the protruding
structure 304 of the reflective pixel electrode P is a planar
surface SB'.

Moreover, in the present embodiment, taking the lowest
horizontal position of the top surface of the covering layer
202 as a base, the height H1 of each of the protruding struc-
tures 204 is substantially equal to a height H3 of the protrud-
ing structure 304 (planar surface SB'). However, the invention
is not limited thereto. In other embodiments, the height H1 of
each of the protruding structures 204 can also be substantially
greater than the height H3 of the planar surface SB'.

It can be known from the embodiment of FIG. 7 that, in the
reflective pixel electrode P, the first region A includes the
protruding structures 204, the second region B includes the
protruding structure 304 (i.e., the top surface is the planar
surface SB'), the area occupied by the first region A is 50% to
70% of the total area of the reflective pixel electrode P, and the
area occupied by the second region B is 30% to 50% of the
total area of the reflective pixel electrode P. Therefore, when
light enters the reflective pixel electrode P, the pixel structure
300 can have better reflection efficiency and reflection angle
distribution. In this way, the display panel of the invention can
have better display quality and wider viewing angle.

FIG. 8 is a schematic cross-sectional diagram of a pixel
structure according to another embodiment of the invention.
FIG. 9 is a schematic cross-sectional diagram along the lines
I-I'and II-IT' of FIG. 8. The embodiment of FIG. 8 and FIG. 9
is similar to the embodiment of FIG. 2 and FIG. 3, and
therefore the same components are represented by the same
reference numerals and are not repeated herein.
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Differences between the pixel structure 400 shown in FIG.
8 and FIG. 9 and the pixel structure 200 shown in FIG. 2 and
FIG. 3 lie in that: the top portion of the covering layer 202
includes a plurality of bumps 403 and a plurality of bumps
407, the first region A of the reflective pixel electrode P
includes a plurality of protruding structures 404, and the
second region B of the reflective pixel electrode P includes a
plurality of protruding structures 408. In particular, taking the
lowest horizontal position of the top surface of the covering
layer 202 as a base, a height H4 of each of the protruding
structures 404 is greater than a height HS of each of the
protruding structures 408. In an embodiment, the ratio of the
height H4 of each of the protruding structures 404 in the first
region A to the height H5 of each of the protruding structures
408 in the second region B is 1.7:1 to 5:1.

As described above, in the case that the vertical projection
area of each of the protruding structures on the covering layer
is the same, a larger height of the protruding structures indi-
cates a larger surface curvature of the protruding structures. In
FIG. 9, the vertical projection area of each of the protruding
structures 404 on the covering layer 202 is the same as the
vertical projection area of each of the protruding structures
408 on the covering layer 202, and therefore when the height
H4 of each of the protruding structures 404 is greater than the
height H5 of each of the protruding structures 408, the surface
curvature of each of the protruding structures 404 is greater
than the surface curvature of each of the protruding structures
408. In this way, in the pixel structure 400 of the present
embodiment, when light enters the reflective pixel electrode
P, in comparison to the protruding structures 404 in the first
region A, the protruding structures 408 in the second region B
can provide a function similar to a planar surface, thereby
increasing light reflectance.

Itcanbeknown from the embodiment of each of FIG. 8 and
FIG. 9 that, the first region A of the reflective pixel electrode
P includes the protruding structures 404, the second region B
of the reflective pixel electrode P includes the protruding
structures 408, the height H4 of each of the protruding struc-
tures 404 is greater than the height HS of each of the protrud-
ing structures 408, the area occupied by the first region A is
50% to 70% of the total area of the reflective pixel electrode
P, and the area occupied by the second region B is 30% to 50%
of' the total area of the reflective pixel electrode P. Therefore,
when light enters the reflective pixel electrode P, the pixel
structure 400 can have better reflection efficiency and reflec-
tion angle distribution. In this way, the display panel of the
invention can have better display quality and wider viewing
angle.

In the following, a plurality of experimental examples is
used to explain that the pixel structure of the invention has
better reflection efficiency and reflection angle distribution.

FIG. 10 is a curve diagram of the relationship between
reflectance and angle of five different pixel structures accord-
ing to an embodiment of the invention. Referring to FIG. 10,
curves a to e represent the relationships between reflectance
and angle of five pixel structures. In the present experimental
example, a difference between the pixel structures repre-
sented by the curves a to e lies in that the configuration of the
reflective pixel electrode is different. The other parts of the
pixel structure are as described in each of the embodiments. In
particular, the substrate is a glass substrate, the material of the
covering layer is an organic material, the material of the
reflective pixel electrode is aluminum, and the material of the
fixed layer is indium tin oxide. Moreover, in the present
experimental example, the reflectance is measured with a
colorimeter instrument (model: CM-2500, made by Minolta).
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In the pixel structure represented by the curve a, the reflec-
tive pixel electrode includes a first region having a protruding
structure and a second region having a planar surface (as
shown in FIGS. 2, 3, or FIG. 7). In particular, the height of the
protruding structure is 1.86 pm, the area occupied by the first
region is 50% of the total area of the reflective pixel electrode,
and the area occupied by the second region is also 50% of the
total area of the reflective pixel electrode.

In the pixel structure represented by the curve b, the reflec-
tive pixel electrode includes a first region having a protruding
structure and a second region having a planar surface (as
shown in FIGS. 2, 3, or FIG. 7). In particular, the height of the
protruding structure is 1.86 pm, the area occupied by the first
region is 60% of the total area of the reflective pixel electrode,
and the area occupied by the second region is 40% of'the total
area of the reflective pixel electrode.

In the pixel structure represented by the curve c, the reflec-
tive pixel electrode includes a first region having a protruding
structure and a second region having a planar surface (as
shown in FIGS. 2, 3, or FIG. 7). In particular, the height of the
protruding structure is 1.86 pm, the area occupied by the first
region is 70% of the total area of the reflective pixel electrode,
and the area occupied by the second region is 30% of'the total
area of the reflective pixel electrode.

Inthe pixel structure represented by the curve d, protruding
structures are distributed throughout the entire reflective pixel
electrode. In particular, the height of each of the protruding
structures is 1.86 pm.

In the pixel structure represented by the curve e, the entire
surface of the reflective pixel electrode is planar.

It can be known from FIG. 10 that, compared to the pixel
structure represented by the curve d, the pixel structure rep-
resented by each of the curves a, b, and ¢ has better reflec-
tance. Specifically, compared to the pixel structure repre-
sented by the curve d, the reflectance of the pixel structure
represented by each of the curves a, b, and ¢ is increased by
about 20% to 30%. Moreover, compared to the pixel structure
represented by the curve e, the pixel structure represented by
each of the curves a, b, and ¢ has a wider reflection angle
distribution. In other words, by having both protruding struc-
tures and a planar surface in the reflective pixel electrode, the
pixel structure represented by each of the curves a, b, and ¢
has better reflection efficiency and reflection angle distribu-
tion.

FIG. 11 is a curve diagram of the relationship between
reflectance and angle of five different pixel structures accord-
ing to another embodiment of the invention. Referring to FIG.
11, curves f to j represent the relationships between reflec-
tance and angle of five pixel structures. In the present experi-
mental example, a difference between the pixel structures
represented by the curves f'to j lies in that the configuration of
the reflective pixel electrode is different. The rest of the pixel
structure is as described in each of the embodiments. In
particular, the substrate is a glass substrate, the material ofthe
covering layer is an organic material, the material of the
reflective pixel electrode is aluminum, and the material of the
fixed layer is indium tin oxide. Moreover, in the present
experimental example, the reflectance is measured with a
colorimeter instrument (model: CM-2500, made by Minolta).

In the pixel structure represented by the curve f, the reflec-
tive pixel electrode includes a first region having a plurality of
protruding structures and a second region having a plurality
of protruding structures (as shown in FIGS. 8 and 9). In
particular, the height of each of the protruding structures in
the first region is 1.86 pum, the height of each of the protruding
structures in the second region is 1.41 um, the area occupied
by the firstregion is 50% of the total area of the reflective pixel
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electrode, and the area occupied by the second region is 50%
of the total area of the reflective pixel electrode.

In the pixel structure represented by the curve g, the reflec-
tive pixel electrode includes a first region having a plurality of
protruding structures and a second region having a plurality
of protruding structures (as shown in FIGS. 8 and 9). In
particular, the height of each of the protruding structures in
the first region is 1.86 pum, the height of each of the protruding
structures in the second region is 1.41 pum, the area occupied
by the firstregion is 60% of the total area of the reflective pixel
electrode, and the area occupied by the second region is 40%
of the total area of the reflective pixel electrode.

In the pixel structure represented by the curve h, the reflec-
tive pixel electrode includes a first region having a plurality of
protruding structures and a second region having a plurality
of protruding structures (as shown in FIGS. 8 and 9). In
particular, the height of each of the protruding structures in
the first region is 1.86 pum, the height of each of the protruding
structures in the second region is 1.41 pum, the area occupied
by the firstregion is 70% of the total area of the reflective pixel
electrode, and the area occupied by the second region is 30%
of the total area of the reflective pixel electrode.

In the pixel structure represented by the curve i, protruding
structures are distributed throughout the entire reflective pixel
electrode. In particular, the height of each of the protruding
structures is 1.86 pm.

In the pixel structure represented by the curve j, protruding
structures are distributed throughout the entire reflective pixel
electrode. In particular, the height of each of the protruding
structures is 1.41 pm.

It can be known from FIG. 11 that, compared to the pixel
structure represented by the curve i, the pixel structure rep-
resented by each of the curves f, g, and h has better reflec-
tance. Specifically, compared to the pixel structure repre-
sented by the curve i, the reflectance of the pixel structure
represented by each of the curves f, g, and h is increased by
about 10% to 15%. Moreover, compared to the pixel structure
represented by the curve j, the pixel structure represented by
each of the curves f, g, and h has a wider reflection angle
distribution. In other words, by including two types of pro-
truding structures having different heights in the reflective
pixel electrode at the same time, i.e., two types of protruding
structures having different curvatures, the pixel structure rep-
resented by each of the curves f, g, and h has better reflection
efficiency and reflection angle distribution.

Based on the above, in the pixel structure provided in the
embodiments, a reflective pixel electrode includes a first
region having a protruding structure and a second region
having a planar surface. Alternately, the reflective pixel elec-
trode includes a first region and a second region respectively
having a plurality of protruding structures. In particular, the
height of each of the protruding structures in the first region is
greater than the height of each of the protruding structures in
the second region, the area occupied by the first region is 50%
to 70% of the total area of the reflective pixel electrode, and
the area occupied by the second region is 30% to 50% of the
total area of the reflective pixel electrode. As a result, the pixel
structure of the invention can have better reflection efficiency
and reflection angle distribution. In this way, the display panel
of the invention can have better display quality and wider
viewing angle.

Although the invention has been described with reference
to the above embodiments, it will be apparent to one of the
ordinary skill in the art that modifications to the described
embodiments may be made without departing from the spirit
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of the invention. Accordingly, the scope of the invention is
defined by the attached claims not by the above detailed
descriptions.

What is claimed is:

1. A pixel structure, comprising:

a scan line and a data line;

an active device electrically connected with the scan line

and the data line;

a covering layer covering the scan line, the data line, and

the active device; and
a reflective pixel electrode disposed on the covering layer
and electrically connected with the active device, the
reflective pixel electrode comprising a first reflective
region and a second reflective region, the first reflective
region having a plurality of first protruding structures
and the second reflective region having a planar surface,

wherein an area occupied by the first reflective region is
50% to 70% of a total area of the reflective pixel elec-
trode and an area occupied by the second reflective
region is 30% to 50% of the total area of the reflective
pixel electrode.

2. The pixel structure of claim 1, wherein the second reflec-
tive region comprises a second protruding structure and a top
surface of the second protruding structure is the planar sur-
face.

3. The pixel structure of claim 1, wherein a height of each
of'the first protruding structures in the first reflective region is
substantially greater than or equal to a height of the planar
surface.

4. The pixel structure of claim 1, wherein a shape of the
second reflective region comprises a circle, an ellipse, a rect-
angle, a triangle, a rhombus, a trapezoid, or a cross.

5. The pixel structure of claim 1, wherein the second reflec-
tive region is located in a central region or any corner region
of the reflective pixel electrode.

6. The pixel structure of claim 1, further comprising a fixed
layer disposed on the reflective pixel electrode and surround-
ing a periphery of the reflective pixel electrode.

7. A pixel structure, comprising:

a scan line and a data line;

an active device electrically connected with the scan line

and the data line;

a covering layer covering the scan line, the data line, and

the active device; and
a reflective pixel electrode disposed on the covering layer
and electrically connected with the active device, the
reflective pixel electrode comprising a first reflective
region and a second reflective region, the first reflective
region having a plurality of first protruding structures
and the second reflective region having a plurality of
second protruding structures, wherein a height of each of
the first protruding structures in the first reflective region
is greater than or equal to a height of each of the second
protruding structures in the second reflective region,

wherein an area occupied by the first reflective region is
50% to 70% of a total area of the reflective pixel elec-
trode and an area occupied by the second reflective
region is 30% to 50% of the total area of the reflective
pixel electrode.

8. The pixel structure of claim 7, wherein a ratio of the
height of each of the first protruding structures in the first
reflective region to the height of each of the second protruding
structures in the second reflective region is 1.7:1 to 5:1.

9. The pixel structure of claim 7, wherein a shape of the
second reflective region comprises a circle, an ellipse, a rect-
angle, a triangle, a rhombus, a trapezoid, or a cross.
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10. The pixel structure of claim 7, wherein the second
reflective region is located in a central region or any corner
region of the reflective pixel electrode.

11. The pixel structure of claim 7, further comprising a
fixed layer disposed on the reflective pixel electrode and 5
surrounding a periphery of the reflective pixel electrode.
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